Percentages of oxides(%wt) Percentages of elements(%wt)
. XRF results of samples I, II and II [12] .
With increasing the reaction temperature, the intensity of ZnO XRD peaks was increased. Also, with increasing the temperature, the sizes of obtained nano-particles was decreased and their morphologies tended to form semi spherical particles, which affected on the XRD peaks of obtained nano ZnO. This is well-agreed with reported observations of pure ZnO synthesis [12] . Based on the DTA of pure TiO 2 reported in the literatures [13, 14] , the transformation from amorphous TiO 2 to crystalline TiO 2 is exothermic. Consequently, the temperature of 630 ˚C is selected for crystallization of amorphous TiO 2 . All three samples were calcined for 4 hrs at cited temperature. Fig. 2 shows TGA/ DTA curves of the nano-composite powders produced by CBD method.
Formation of ZnO/ZnTiO 3 / Zn 2 TiO 4 nano-composite powders
As it can be seen, there is an undulating shape in the TGA curves (figures 2a, 2b, and 2c). The undulating shape of the TGA curves occurs in T > 350 ˚C. Also, a broad exothermic peak is clearly visible in the DTA curves close to temperature initialized the undulating behavior of TGA curves. The undulating shape of the TGA curves is caused by diffusion of the molecules of ZnO and TiO 2 . Because of the diffusion of ZnO and TiO 2 phases, the compounds such as ZnTiO 3 and Zn 2 TiO 4 may be formed. A broad exothermic peak observed at 350 ˚C <T < 600 ˚C in the DTA curves corresponds to atomic diffusion process occurred and therefore no considerable mass loss was detect in this region. A no sharp exothermic peak was also observed at ~ 630 ˚C in figures 2b and 2c. This peak corresponds to a phase transformation process of TiO 2 from amorphous to crystalline state. After calcinations for 4hrs at 630˚C, XRD patterns indicate that ZnO coexists with ZnTiO 3, Zn 2 TiO 4 and Ti 3 O 5 . In the XRD pattern of sample I synthesized at 25˚C, it can be detected ZnTiO 3 and Zn 2 TiO 4 phases and the intensity of ZnO and Ti 3 O 5 phases is negligible which can be ignored. It can be observed from these patterns that increasing the synthesis temperature decreases the amount of ZnTiO 3 and Zn 2 TiO 4 phases and increases that of ZnO and Ti 3 O 5 phases.
Mixed oxide nanocomposites which form neither compounds nor solid solutions

Synthesis of nanosized SnO/ZnO coupled oxides
Wang Cun et al reported the synthesis of ZnO/SnO 2 coupled oxides [15] . They compared the photocatalytic activity of ZnO/SnO 2 nano composites with their separate oxides. They observed that the photocatalytic activity of ZnO/SnO 2 nano composite was much more than SnO 2 and ZnO separately. They also proposed that its higher activity is because of lower recombination rate of electron-hole pairs in composite form. Similar results have been www.intechopen.com , and III (c) [12] .
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Coupled Semiconductor Metal Oxide Nanocomposites: Types, Synthesis Conditions and Properties 369 Fig. 3 . XRD patterns of samples calcined at 630 ˚C (a) and the relative intensity of (101) peak for ZnO (b), (104) peak for ZnTiO 3 (c), and (211) peak for Zn 2 TiO 4 (d) vs. the synthesis temperature [12] .
reported in literature [16] [17] [18] . Additionally Jinghong Li et al showed that by coupling nano oxides they usually show higher crystallinity and thermal stability, which can enhance their performance [18] . Recently, methods for obtaining nano-sized coupled SnO 2 /ZnO are intensively developed and studies have been focused on production and characterization of these coupled oxides [16, 17, [19] [20] [21] . A continual challenge for the researchers is to fabricate metal oxide materials, by controlling the oxidation state of multi valence metals ions in solutions. Although some studies have been conducted for production of nanosized SnO 2 /ZnO coupled oxides, but the control of oxidation state of tin oxide in an aqueous solution in these coupled oxides has hardly been investigated. Due to the fact that Sn(II) is easily oxidized to Sn(IV) , production of SnO/ZnO coupled nano oxide is relatively difficult. Thus, very few articles have been reported on the synthesizing of tin monoxide (SnO) [22] [23] [24] [25] [26] [27] [28] and to authors' best knowledge, no article on the synthesis of SnO/ZnO nanosized coupled oxide has been published till date. In this section, fabrication of SnO/ZnO nanosized coupled oxide with oxidation state of II for tin in solution by using the simple method of co-precipitation is reported. These nanosized coupled oxides were obtained using SnCl 2 .H 2 O and ZnCl 2 as precursors at three different temperatures. Due to the high specific surface area of the obtained powders, these nanosized coupled oxides have very good potential for applications in gas sensors, photocatalysis and photo-electrochemical cells.
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The procedure employed for preparing SnO/ZnO nano composites was as following: Two aqueous solutions of SnCl 2 and ZnCl 2 were added simultaneously dropwise to an aqueous solution of NaOH within about 30 min under vigorous stirring condition. This process was carried out at different temperatures of 25°C (sample I), 50°C (sample II) and 75°C (sample III) in beakers, each placed in a thermostatic cooling-heating water bath. Then the samples were kept for additional 2 hours under the same stirring condition and temperature. After synthesis, the powders were centrifuged and washed several times with distilled water and absolute ethanol and tested for removing of impurities specially NaCl with AgNO 3 and dried at 50°C in an oven. The obtained phases are listed in Table 2 . As shown in Table 2 , final color of the synthesized sample at room temperature was pale yellow and the rest were dark green while becoming darker by increasing the temperature. During the synthesis of the sample I (at room temperature) the solution was always pale yellow, but for the other solutions after addition of certain amount of metal chloride solution that causes decrease in solutions pHs, the color of samples changed suddenly to dark green. It was observed that for sample III, this change in color occurred sooner than sample II. Also, by increasing the temperature from 25°C to 50°C the amount of the obtained powder increased drastically, as their initial solutions were the same. and NaOH as precursors of SnO and reported that by increasing temperature up to the boiling point, the mixtures' color turned from white to black and SnO crystals were formed during nucleation and growth of the previous amorphous phase [29] . This fact can be observed in this synthesis process too. The variation of obtained phase's ratio with increasing of synthesis temperature can be correlated to this phenomenon. Table 3 . Results of XRF analysis of samples
The average crystallite size is calculated from the full width at half maximum (FWHM) of the diffraction peaks using the Debye-Scherer formula:
where D is the mean crystallite size; K is a grain shape dependent constant (here assumed to be 0.89); λ is the wavelength of the incident beam; θ is the Bragg reflection peak; and is the full width at half maximum [30] . As can be seen in Table 5 . Specific surface area from BET, Mean aggregates size from SEM and mean particle size from TEM.
It was found that at 25°C, ZnO particles produce flake like agglomerates with median size of about 58 nm in width and 260 nm in diagonal as shown in Fig. 6a , but in fact this agglomerates are formed by smaller particles. At 50°C and 75°C the median sizes of obtained semispherical agglomerates of ZnO/SnO coupled oxides were 58.4 nm and 52.4 nm, respectively. From TEM images, these agglomerates as shown in Fig. 7 , are formed from individual nanoparticles. The median sizes of obtained nanoparticles from TEM images and the agglomerates median sizes are listed in Table 5 . As it can be seen, by change in temperature the sizes of obtained powders haven't changed intensively from sample II to III. But as listed in Table 5 , due to enhancement in agglomeration, the specific surface area of the obtained samples are decreased by increasing synthesis temperature from 50 to 75°C. The specific surface area of the obtained samples was calculated from Brunauer-EmmettTeller (BET) equation and listed in Table 5 . As it can be seen, BET surface area of obtained powders are 16.28, 22.88, 19 .84 m 2 g -1 for synthesized powders at 25, 50 and 75 °C, respectively. The lower surface area of sample I should be attributed to intense agglomeration of the particles in the form of plates. As mentioned above higher surface area of sample II is because of its lower agglomeration and also lower particle size.
www.intechopen.com [35] . Co 3 O 4 has typical spinel structure [36] and has various applications such as solid sensors, catalysts, electrode materials, magnetic materials, etc. In recent years, demands for monitoring of toxic and harmful gases have become more serious all over the world [37] . Various semiconductor gas sensors based on ZnO, SnO 2 and TiO 2 have been researched owing to their low costs and simple sensing method [38] [39] [40] . On the other hand, there still exist some disadvantages of them, for example, the poor sensitivity of SnO 2 [41] and high working temperature of ZnO [42] . In order to improve gas sensing properties of these sensors, many studies have been focused on novel metal catalysts such as Ag, Pt and Pd , materials doping, filming and oxides multiplicity (mixed oxides) [43] . ⎡⎤ ⎡ ⎤ = ⎣⎦ ⎣ ⎦ ) in a beaker under high stirring condition. After 30 minutes, the samples were kept for 2 hrs in the same operating conditions. The conditions used for synthesis of different samples are listed in Table 6 . The final samples were centrifuged and then, the precipitated products were washed with distilled water and absolute methanol several times. Finally, the precipitates were collected and dried at about 50 -60 C°for 24 hrs. Also, the temperature of calcination was selected about 300 C°for all of the samples. Table 6 . Experimental conditions used for synthesis of nano-composite powders.
Sample
Synthesis before calcination
The results of XRD analysis of samples are shown in Fig. 8 . In all samples, ZnO and Co(OH) 2 were detected. Comparing the patterns obtained from the samples, it can be seen that the peak intensities grow with increasing temperature. When the temperature was increased the intensity of Co(OH) 2 peaks became higher than that of ZnO peaks. The major peaks can be noticed corresponding to (110) plane of ZnO for sample I and II whereas in sample III major peak is related to (101) plane of Co(OH) 2 . Also, the intensity of peaks related to ZnO is grown by increasing the temperature. Esmaielzadeh and his co-workers found that the morphology of ZnO converted from flake state to nano particles. They reported that, via increasing the temperature, the particle size decreased and the intensity of ZnO peaks increased too. We can detect this fact in the pattern of ZnO-Co(OH) 2 nano-composites [44] . The SEM images of the samples are shown in Fig. 9 . The effect of synthesis temperature can be detected from these images. The SEM micrographs clearly indicate that the nanocomposite samples are composed of spherical and semi-spherical nano-particles as well as flake shaped crystallites at ambient temperature. Also, from SEM images ( Fig. 9 ) the maximum, minimum and median sizes with respect to samples size distributions can be obtained from the image processing program programmed with visual C++. The size distributions of samples I, II and III as well as the particle size ranges obtained from changing the synthesis temperatures are illustrated in Fig. 10 .
The maximum, minimum and median sizes of obtained samples are shown in Table 7 . [45] . Moreover, no peaks of pure ZnO (exothermic or endothermic) were shown in DTA curve at 280 C° indicating no exothermic or endothermic transformations occurred at this temperature. The thermal behaviors of obtained samples were carried out at argon atmosphere. Fig. 11 illustrates thermal behavior of sample I. In all of these analysis, because of coexistence of ZnO beside of Co(OH) 2 , the distinct Co(OH) 2 peaks which had been detected in other papers would not detected here. But an endothermic tiny peak has been detected at about 284 C°(see Fig. 11 ). Consequently, all of three samples calcinated for about 4 hrs at 300 C°in air atmosphere. The results of XRD analysis of samples are shown in Fig. 12 .
The SEM images of nano-composite powders I, II and III calcinated at 300 C°are shown in Fig. 13 . As can be seen, calcinations processing causes eliminating the flakes and the calcinated nano-composite samples are predominantly composed of spherical and semispherical nano-particles. Also, from SEM images presented in Fig. 13 the maximum, minimum, median sizes with respect to particle size distributions can be obtained from image analyzing process. The results can be seen in Fig.14 where the vertical lines are particle size ranges.
The maximum, minimum and median sizes of obtained samples are shown in Table 8 . Table 8 . Maximum, minimum and median sizes of samples I, II and III after calcinations.
Synthesis of nanosized ZnO/Co(OH) 2 coupled oxides via hydrothermal method
Recently, lamellar materials have been widely researched; layered hydroxide materials have attracted much interest in the production of catalyst, sorbent, ionic exchangers, ionic conductors, and electrochemical materials [46] . β-Cobalt hydroxide, has recently received increasing attention due to its application in the electric, magnetic and catalytic materials [47] . The atomic arrangement of Co(OH) 2 represents a member of the brucite type structure family (space group: P 3 ml, point symmetry 3 2ml). The cobalt hydroxide has hexagonal layered structure in which a divalent metal cation is located in an octahedral site generated by six hydroxyl oxygen atoms [48] . Three different theories were reported for studying the growth behaviour of materials. The BFDH law starting from planar mesh density, and considering the effects of screw axis and glide plane on crystal growth habit, provides a predicted theoretical growth habit of the crystal [49] . The PBC theory provides an ideal growth habit of crystals in terms of bond chain types between molecules and attachment energy [50] . But the above mentioned models have some shortages in explaining or predicting the crystal growth habit. The Growth Unit Model is based on the individual units which they contribute in the growth www.intechopen.com
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procedure. This theory hypothesizes that in the crystallization stage of oxides, cations exist in the form of complexes with OH -ligands which their coordination numbers are equal to those of the crystal formed. These complexes are called growth units. W. Zhong was the first to put forward the Growth Unit Model [51] and nowadays many investigations were carried out by considering this theory for describing the growth behavior of the different materials [52] . The effects of surfactants on the morphologies produced in hydrothermal synthesis of different compounds were studied extremely [53] [54] [55] . The surfactants can be divided into two major categories including ionic and non-ionic surfactants. These surfactants affect the morphologies of the synthesized nanoparticles. In fact for the reaction system in the presence of surfactants, the surface tension of solution is reduced due to the existence of surfactant, which reduces the energy needed for the formation of a new solid phase [56] . CTAB is a well known cationic surfactant which can be ionized completely in water. The structure of this surfactant is shown in Fig. 15(a) [57] . Then the surfactants were added to beakers while the solutions were being stirred with high intensity. After 5 minutes, the solutions were poured into a 35 mL Teflon-lined autoclave with a filling capacity of about 80%, then sealed and maintained at appropriate temperature for different periods. The conditions of synthesis are shown in Table 9 . The prepared samples were filtered and washed with distilled water and absolute methanol several times. Then samples were dried at 60 C° for 24 hrs. Table 9 . Synthesis conditions.
XRD patterns of samples I, II and III are shown in Fig. 16 . From these patterns, Co(OH) 2 and ZnO were detected. From XRD patterns and SEM images (Fig. 17) , the effect of surfactant on XRD patterns and the obtained morphologies can be understood. In sample I, the absence of surfactant causes producing sharper XRD peaks, but the surfactant in other samples affects the growth conditions and thereby particle sizes and morphologies, so the sharpness of the peaks in sample II is different to sample I. From SEM images and XRD patterns, the intensity of the peaks can be contributed to the type of morphologies obtained. For example, by comparing sample I to sample II, the morphologies were converted from semi spherical to needle like morphologies, due to presence of CTAB as a surfactant, and the intensities of XRD peaks were differed too. For other samples synthesized for 24 hrs, the XRD patterns are shown in Fig. 18 . Same as samples I and II the XRD patterns with and without CTAB are different. Also, the intensity of peaks is different like the previous samples and this can be related to size distribution and type of morphology. SEM images of samples III and IV are shown in Fig. 19 .
www.intechopen.com Fig. 18 to Fig. 19 , the effect of periods of hydrothermal synthesis on the morphology and growth rates can be detected. As it can be seen, in presence of CTAB, the growth rate of samples II and IV is reduced in comparison with samples I and III. The results of median sizes and crystallite size of samples are listed in 
Stage IV) dehydration of 2 4 () Zn OH − complexes: Therefore, the oxide particles can be produced by stacking of these complex polyhedrons by sharing their elements. In the interior parts, the oxygen ions are the connection centers where the exterior and the surface of the particles are ( ) OH − ligands, which have been proved by IR [59, 60] and Raman [61, 62] spectra in other investigations. So in the complex of (22 ) ( Fig. 20 . So stacking of these crystallites in hydrothermal condition can produce nanostructures [58] . Existence of Cobalt ions during this process can affect the morphologies and can be doped in the ZnO structures too [63] .
Synthesis of Co(OH) 2 in hydrothermal processing
The formation mechanism of Co(OH) 2 
Growth in the presence of CTAB
The effects of CTAB on the final morphology in the hydrothermal synthesis have been investigated extremely [53, 65] . After ionization in water, CTAB produces a cationic structure with a positively charged tetrahedron and a long hydrophobic tail. This tetrahedron is positively charged and can act as a cationic surfactant and affect the final structure of synthesized particles due to its electrostatic forces and stereochemical effects. The complimentary between CTA + and 2 4 () Zn OH − (Fig. 15) endows the surfactant the capability to act as an ionic carrier [59] . As it is shown in Fig. 20 , due to presence of OH − ligands on (22 ) surface. When the surfactant molecules leave, zincate will be carried away in the form of ion-pairs, so that the barrier layer becomes thinner (as shown in Fig. 21 ), and forms a rodlike morphology [53] . These phenomena can become more effective after CMC point of CTAB [57] . In the crystallization process, surfactant molecules may serve as a growth controller, as well as an agglomeration inhibitor, by forming a covering film on the newly formed ZnO crystals. This can be resulted not only from absorption of CTA + on the surface of zinc complexes but also the stereochemical effect of its hydrophobic tail. Due to thermodynamically limits for formation of growth units of cobalt oxide, as cited before, CTAB absorption on cobalt ions is restricted. The main effect of CTAB on the morphologies of Co(OH) 2 can be deduce from the stereochemical effects of surfactants which gathered on adjacent Zinc complex surfaces and also the repulsion of CTA + and Co + which restrict the in-situ ion concentrations of Co + and Zn + . Thus as shown in Fig. 17 and 19 the morphology of nano-composite consists of ZnO nanorods and Co(OH) 2 nano-hexagonals.
Core/ Shell nanocomposite
TiO 2 / SnO 2 core/ shell nanocomposites
Recently, a lot of interest in core-shell nanocomposites has arisen due to their advantages such as stability, high catalytic activity, controllable compositions and structure, and so on [66, 67] . In the coupled semiconductor systems, two different NPs are in contact and thus holes and electrons could be accessible on different particle surfaces, if needed for selective oxidation and reduction processes. In the core/shell geometry, a shell layer is coated onto the core particles and only one of the charge carriers is available at the surface of the shell for redox reaction and the other one is trapped inside (see Fig. 22 ) [68] . In this section, TiO 2 / SnO 2 core shell nanocomposites were produced via sol-gel method and the ethanol sensing behavior of the TiO 2 / SnO 2 nanocomposites was investigated and compared with the pure TiO 2 nanoparticles. Fig. 22 . Schematics of photoinduced charge separation and subsequent interfacial redox processes in (a) coupled and (b) core/shell geometry of semiconductor NPs [68] .
All the chemical reagents used in this study are of analytical grade and used without any purification and treatment. TiO 2 nanoparticles were prepared from initial aqueous Ti 4+ stock solution and hydrothermal treatment. The initial solutions were obtained by adding of 5.4 ml of titanium isopropoxide (TTIP) and same amount of isopropanol to 56.6 ml of distilled water at pH 1.5 achieved by an acid. TTIP solution was maintained under stirring conditions for a day at room temperature. Certain amount of triethylamine (TEA) was then added dropwise to solution containing Ti till pH value reached 7. It has been reported that the use of amines could act as shape controller template [69] . The obtained solution was then poured into a 35 ml Teflon lined stainless steel autoclave up to 70 vol% and maintained at 120 °C for 12 h. The autoclave was then cooled naturally to room temperature. TiO 2 powders were obtained by centrifugation and 3 times washing with distilled water. Thus, the obtained precipitates were then filtered and dried at 120 ˚C for 12 h. The coating of SnO 2 nanoparticles on TiO 2 nanoparticles (core shell nanocomposite) was performed at room temperature by the following process: 0.2 gr. titania nanoparticles obtained were dispersed in a solution of NH 4 OH and deionized water. Then, SnCl 4 .5H 2 O diluted with de-ionized water was poured into the abovementioned solution and hereby a white slurry was produced. After stirring 24 h., the resulting product was filtered and dried at 60 ˚C. The various molar proportions of Ti to Sn were examined. The symbol of TS1-1, TS1-1.5 and TS1-2 are denoted as core shell nanoparticles based on the molar ratio of Ti to Sn 1:1, 1:1.5 and 1:2, respectively. All assynthesized samples were calcined as 500 ˚C for 1 h. Fig. 23 shows the SEM image and ED analysis of TiO 2 / SnO 2 nanocomposite with molar ratio 1:2. As it can be seen, the composite nanoparticles are spherical particles and have homogeneous morphology. Also, according to Fig. 23 (b) , the presence of Ti, Sn and Au atoms can be confirmed. Au atoms correspond to coating of Au on the particles surface. The TEM micrographs of typically TiO 2 / SnO 2 nanoparticles are shown in Fig. 24 . It can be clearly seen from the micrographs that a SnO 2 coating is on the TiO 2 surface forming core shell structure of TiO 2 / SnO 2 nanoparticles. The particle size in TiO 2 / SnO 2 nanocomposite sample TS1-2 is greater than that of TS1-1. ED pattern (Fig. 24c) shows diffuse rings, indicating the formed TiO 2 / SnO 2 is polycrystalline. A certain amount of nanocomposite powder was pressed to form a disk with diameter of 1 cm. and thickness of 1mm. Then, the obtained sample sintered at 500 ˚C for 1 h. was considered as sensing element. The details of construction and schematic illustration of the fabricated gas sensor has been reported in the reference [70] . The responses of all sensors to ethanol have been measured at different concentrations ranging from 500 to 5000 ppm and at operating temperature in the range from 140 to 420 ˚C to investigate the gas sensing properties. Fig. 25 shows the sensor responses to ethanol for TiO 2 and nanocomposite samples at various operating temperatures. Working temperature is one of the most important parameters for gas sensors. The conventional gas sensors based on SnO 2 and TiO 2 materials operate at the temperature region from 300 to 400 ˚C [71] , but the response of sensors based on TiO 2 / SnO 2 nanocomposite to 1000 ppm ethanol was at around 200 ˚C. For the molar ratios of 1:1.5 (TS1-1.5) and 1:2 (TS1-2), the responses to 1000 ppm ethanol were 3.2 and 2.95, respectively. Meanwhile, at lower concentration of SnO 2 (TS1-1), there was no response. This observation can't be clearly explained yet and is under investigation by authors. The dependence of the response on ethanol concentration at optimum operating temperature is shown in Fig. 26 . It can be seen that nanocomposite sensors present more sensitivity than TiO 2 sensor at the concentration range from 500 to 5000 ppm ethanol. TS1-1.5 sample indicates the best sensitivity than the others. It was found that the response and recovery times of the sensors are less than 50 s. 
Co 3 O 4 /ZnO Core/Shell nanoparticles
By emerging nano-materials a tremendous effort has been carrying out for investigating on their significant properties which make progressive improvements in many scientific fields. Among these nano-materials, nano-semiconductor materials have become one of the major fields in which attentions of different researchers, from bioscience to optoelectronics, have been attracted due to unique properties of these nanoparticles and dependency of their final properties on the size of particles. Nano-photocatalysts are one of the well known subroutine categories of semiconductors' applications. Their advanced and vast applications including cancer treatment, purification and sterilization of water and air, self cleaning coatings, etc make them one of the most important nano materials for daily uses. Cancer is the top cause of the death in the world wide. Conventional methods for cancer treatments, surgical, radiological, immunological, thermo-therapeutic, and chemotherapeutic treatments are well-known. The first attempts for cancer treatment by photocatalysts are related to A. Fujishima et al. efforts, in which TiO 2 nanoparticles were injected in the cancer tumors and exposed to high intensities of light. The results indicated on the fact that nano-photocatalysts can inhibit the tumor growth. Also, high ratio of surface to volume in nanoparticles causes the surface reactions occur better by contributing of major numbers of consisting molecules of a particle in surface reactions. Regardless the considerable benefits of nano-drugs, the side effects of nano material usage are considerable. The inability in controlling drug delivery endangers healthy cells on chemical toxicity. Thus, nowadays production of well controllable delivery systems has been increasing among researchers.
In environmental applications, un-purified water which contains considerable amounts of photocatalysts could become a problem. By exposing light to the remained photocatalysts, for each photon an electron-hole pair produces and subsequently it degrades the adjacent media. Due to unselective manner of aforementioned phenomenon, harmful and useful cells both are attracted with produced electron-hole pairs. The conventional methods for separating nano-particles from the media have low efficiency as well as high costs. Also, two major properties should be considered while using photocatalysts: specific surface area and band gap energy of prepared photocatalysts. High amount of specific surface area is one of the main functional variables for adsorbing cells on particles surface and increasing the active sites for photocatalytic reactions. On the other hand, most of the photocatalytic properties of semiconductors are related to their optical band gap. These properties show the workability of a photocatalyst. Core/shell nanocomposites are one of the solutions for many difficulties in which a bifunctional nano-architecture or a modification in properties, which can't be achieved by using one type of nano-particles, is needed. Using a magnetic core enables directing particle using safe external magnetic field. If a core/shell composite contains magnetic core and semiconductor shell with high surface area and proper photocatalytic properties, the delivery and also purification of the particles become possible. The concentration of Zn(Ac) 2 in final solution was 0.3 M. Both solutions were sonicated for 30 min. then, the second solution poured into the first solution under stirring condition and was kept for 2 hours at 60 °C. The obtained core/shell particles were filtered and dried at 50 °C for 24 hours. Then, the dried powder was calcined for 2 hours at 400 °C. The schematic diagram of procedure is shown in Fig. 28 . XRD patterns of synthesized nanoparticles are shown in Fig. 3 . As it can be seen from Fig.  29 considerable in comparison with core nanoparticles, a reduction in the intensity of core peaks can be detected. Also, if the mass fraction of produced shell was much more than used core nanoparticles, it could result in reduction of core peaks in XRD patterns. The mentioned phenomena can intensify reduction in peaks intensities of core nanoparticles and also increase the noises in the core/shell patterns. TEM images for the obtained core and core/shell nanoparticles are shown in Fig. 30 . It can be seen that the median particle size of Co 3 O 4 is about 22 nm where in core/shell nanoparticles, existence of the shell around the core particles makes the particles bigger and thus the median particle size is about 56 nm. Also, the darker parts of the image (Fig. 30b) in core/shell are related to core where brighter ones are related to ZnO shells. From BET analysis, the specific surface areas for core and core/shell were detected 98.6 and 54.6 m 2 /g, respectively. BET adsorption isotherms for core and core/shell are shown in Fig. 31 . The plotted isotherms represent highly isotherm of Type III. It has been shown, if a solid contains no porosity, its isotherm tends to appears as a Type III isotherm. Also, decrease in the specific surface area could be another reason for formation and growth of ZnO shells on Co 3 O 4 surface and subsequence decrease in specific surface area. 
where A is coefficient of the given electronic transition probability, E g is band gap energy and n is equal to 0.5 and 2 for allowed direct and indirect transitions and 1.5 and 3 in case of forbidden direct and indirect transitions, respectively. In current study, the best fit of ( ) (Fig. 33b) . As could be seen in Fig. 6 , the obtained band gap is 3.42 ev which shows a blue shift in comparison with bulk ZnO ( bulk g E =3.3ev). In our previous work, we reported red shift in ZnO band gap (E g =3.27 ev) prepared by same way. This blue shift could be resulted from two phenomena: first, in large band gap semiconductors, mainly, a reduction in size results in an extension in band gaps. As shown in TEM images some parts of ZnO shells in nanocomposite are thinner than 25nm which could make a blue shift. Also, Existence of exciton shoulder in absorption spectra of nanocomposite is another claim for making ZnO with thicknesses low enough for emerging exciton shoulder at room temperature. Second, existence of p-type Co 3 O 4 in core adjacent to n-type ZnO affect the final properties of nanocomposite and make a blue shift in final optical band gap of nanocomposite. Table 11 the magnetic properties of prepared materials are listed. Co 3 O 4 due to its spinel structure shows anti-ferromagnetic characteristics, however, the core shows dilute ferromagnetic characteristic. This might be due to existence of oxygen in spinel structure of Co 3 O 4 which avoids direct interaction of magnetic momentums. As could be seen from Table 11 , the amount of saturation magnetism in core/shell nanocomposites shows a decrease in comparison with core. In core/shell Co 3 O 4 /ZnO nanocomposites there are two phenomena. ZnO is a diamagnetic material. These materials in VSM analysis show a negative magnetization and no hysteresis loop. ZnO can change its magnetic characteristic by doping of some impurities such as Co, Mn, Ni, etc. These dilute dopants can change the diamagnetic behaviour of ZnO into carrier induced ferromagnetic www.intechopen.com Due to their good mechanical characteristics in terms of stiffness and strength coupled with mass-saving advantage and other attractive physico-chemical properties, composite materials are successfully used in medicine and nanotechnology fields. To this end, the chapters composing the book have been divided into the following sections: medicine, dental and pharmaceutical applications; nanocomposites for energy efficiency; characterization and fabrication, all of which provide an invaluable overview of this fascinating subject area. The book presents, in addition, some studies carried out in orthopedic and stomatological applications and others aiming to design and produce new devices using the latest advances in nanotechnology. This wide variety of theoretical, numerical and experimental results can help specialists involved in these disciplines to enhance competitiveness and innovation.
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